BACKGROUND: Physical inactivity is a significant risk factor for cardiovascular disease and remains highly prevalent in middle-aged women. OBJECTIVE: We hypothesized that an interventionist-led (IL), primary-care-based physical activity (PA) and weight loss intervention would increase PA levels and decrease weight to a greater degree than a self-guided (SG) program. DESIGN: We conducted a randomized trial. PARTICIPANTS: Ninety-nine inactive women aged 45-65 years and with BMI ≥ 25 kg/m 2 were recruited from three primary care clinics.
INTRODUCTION
Obesity and physical inactivity are at epidemic rates in the United States, and medical complications of obesity and physical inactivity are commonly treated in primary care settings. [1] [2] [3] Women are disproportionately affected by obesity 4, 5 and physical inactivity, and have more primary care encounters than men. 6 Higher levels of physical activity (PA) are associated with a lower prevalence of obesity, and PA also has an independent beneficial effect on numerous health outcomes important to women (e.g., cardiovascular disease, breast cancer, depression). 7 Therefore, there is both a great need and an opportunity to develop primary care-based interventions tailored for women that address physical activity and weight.
Previous studies of primary care interventions to address obesity and physical activity have had null or mixed results, leading the United States Preventive Services Task Force (USPSTF) to assign a grade of "I" (or inconclusive) to both low-intensity and moderate-intensity weight loss interventions and physical activity interventions delivered in primary care settings. 8 Only more intensive weight loss interventions, which typically include a higher number of sessions and behavioral principles such as self-monitoring and goalsetting, are supported by sufficient evidence to earn a USPSTF grade of "B" (i.e., a recommended service with moderate to high certainty of benefit). 9 The majority of primary care interventions conducted to date have not focused primarily on women. Women may have different needs, due to a higher number of lifetime weight loss Electronic supplementary material The online version of this article (doi:10.1007/s11606-014-3077-5) contains supplementary material, which is available to authorized users. attempts 10 and lower baseline physical activity levels 3 than men. Middle-age is an especially relevant intervention period for women, as physical activity levels tend to decrease, whereas weight and cardiovascular disease risk increase.
11,12 Previous lifestyle interventions targeting women tended to be conducted in community samples that may be healthier on average than patients in primary care settings. 13, 14 We conducted a randomized, controlled trial of a PA and weight loss intervention for overweight and obese, inactive women, delivered in coordination with primary care. We hypothesized that an interventionist-led (IL), primary carebased PA and weight loss intervention would increase PA levels and decrease weight to a greater degree than a selfguided (SG) program in the short-term (3 month) and longterm (12 months). We also examined the impact of the intervention on reduction of secondary outcomes of body mass index (BMI), waist circumference, and blood pressure. We also conducted a secondary analysis to determine if the effects of the intervention varied by race.
METHODS

Design
The Healthy Bodies Healthy Hearts (HBHH) study was a randomized, controlled trial delivered in coordination with primary care and intended to increase leisure physical activity (PA) levels and decrease weight in overweight and obese, inactive, middle-aged women. Primary outcomes were changes in PA level and weight at 3 and 12 months. Secondary outcomes were BMI, waist circumference, and blood pressure. The protocol was approved by University of Pittsburgh institutional review board (IRB) and registered with ClinicalTrials.gov (NCT01099007).
Setting
Assessments and the interventionist-led group intervention were conducted at the largest and most centrally located of three primary care practices affiliated with University of Pittsburgh Medical Center (UPMC). Two of the primary care practices were general medicine academic practices with faculty and resident providers; the last was a primary care practice for mid-life women with both obstetrics and gynecology (OB-GYN) and general medicine faculty providers. Our primary recruitment tool was a best-practice alert in the electronic health record that notified the primary care PCP of a woman who potentially qualified for the study. If the woman expressed interest, the PCP would enter a referral order and endorse that moderate PA was safe for the patient. After referral, a screening call was made to the woman by study staff to assess eligibility and interest. If the woman met criteria and was interested, a 60-90 min, in-person baseline assessment was scheduled.
Recruitment and Baseline Screening
Baseline screening started with a review of the consent form and the participation requirements of the study by study staff. Following the signed consent, height, weight, blood pressure, and waist circumference were obtained by trained study personnel. The Modified Activity Questionnaire (MAQ) was administered by a trained research staff member. 15 
Randomization
Once the participant had been screened, the consent signed, and the initial baseline assessments completed, randomization occurred in a 1:1 allocation. Each woman was allowed to draw a sealed envelope that contained a designation assignment, either interventionist-led (IL) or self-guided (SG).
Interventions
IL groups were comprised of 12 weekly group sessions and were conducted in a conference room in the largest of the three primary care practices. There were 12 designated topics for the sessions (Online Appendix Table A), led by the study physician (MBC), who was also a provider at the practice, or one of two PhD-level interventionists (KLS, KCS) not affiliated with the practice. The content focused on physical activity, diet, and stress relief adapted from a lifestyle intervention for premenopausal and postmenopausal women 13, 16, 17 as well as portions of the Diabetes Prevention Program (DPP). 18 Participants were given PA and dietary goals similar to those given in the DPP, with target calorie and fat gram goals based on starting weight and a PA goal of at least 150 min of moderate PA per week. Participants were given a calorie-counter book, a pedometer, and sheets for tracking PA and diet; tracking sheets were not collected or reviewed by the interventionist. The sessions included 30 min discussions followed by 30 min of group-based, moderate-intensity PA.
Mindfulness concepts were formally introduced through mindful eating and mindful PA sessions, and were integrated throughout the 12 week intervention. 19 The participants practiced bringing their awareness and attention to the present moment with intention and without judgment of thoughts, emotions, body sensations, sensory perceptions, and behavioral actions. They were instructed to be an impartial witness to themselves during the experience of eating and exercise.
SG participants received a 12-week, self-guided manual based on the American Heart Association's Choose to Move program 20 at randomization, as well as a calorie-counter book and a pedometer. There was no interventionist contact with the SG group, but they had the contact information of study personnel for any questions or concerns.
Outcome Assessments/Measures
In-person assessments for outcomes were performed at 3 and 12 months after baseline. Participants were not compensated for the 3-month visit, but did receive a $25 payment for completing the 12-month visit either in person or over the phone. If it was not possible for a participant to come in for a 12-month, in-person assessment, a brief version phone visit was conducted, focusing on PA data and a self-reported weight. Referring providers received letters after the 3 and 12 month outcome assessment visits informing them of their patients' current weights and physical activity statuses.
Primary Outcomes
Weight was measured by a trained staff member in clinic using a standard balance beam scale (SECA Medichoice) and following a written protocol. 13 Physical Activity was measured using the one-month version of the Modifiable Activity Questionnaire (MAQ), administered by a trained, certified staff member. We focused on leisure activity estimates, because our intervention was designed to target leisure PA. 13 PA levels were calculated as the product of the duration and frequency of each activity (in hours per week), weighted by an estimate of the metabolic equivalent (MET) of that activity and summed for all activities performed. PA data were expressed as metabolic equivalent hours per week (MET-hour/week). The MAQ has been shown to be both reliable and valid, and has been widely used in numerous populations and intervention studies.
15,18
Secondary Outcomes
Clinically relevant secondary outcomes, typically lowered by a physical activity and weight loss intervention, include:
BMI, calculated using a standard equation. Waist Circumference, measured using a non-stretch tape measure marked in centimeters. Blood pressure, measured averaging three readings collected using a written protocol 13 by trained staff using manual blood pressure cuffs (Welch Allyn).
Exploratory Outcomes
Psychosocial outcomes included Physical Activity Enjoyment Scale (PACES), 21 Beck Depression Inventory (BDI), 22 Pittsburgh Sleep Quality Index (PSQI), 23 Short Form-12 Health Survey (SF-12), 24 and Exercise Self-Efficacy. [25] [26] [27] Information about these measures and the results of these analyses are found in the online Exploratory Psychosocial Measures Appendix (Online Appendix B; Online Appendix Tables B1/B2 ).
Other Variables
Race, education, marital status, and medical comorbidities were assessed using self-report. The first three were assessed at baseline, and the last at 12 months (n=83).
Statistical Methods
Descriptive statistics characterized the outcome variables at baseline, 3 months and 12 months. To assess differences between groups at baseline and 3-month and baseline and 12-month follow-up, two sample t-tests (continuous, normally distributed outcomes) or Wilcoxon's Rank Sum (continuous, non-normally distributed) were conducted. Our primary outcome analysis compared groups according to the intention-totreat approach. We used mixed models with fixed effects of group, time (3 and 12 months) and group x time interaction, controlling for baseline measure and BMI for primary outcomes and only for baseline measurements for secondary outcomes. For models, square root transformation was used for the physical activity outcome variable. The mixed models take into account the correlation among measurements within a person over time. We also conducted analyses stratified by race. Analyses were conducted using SAS version 9.3 statistical software (SAS Institute Inc., Cary, NC, USA).
RESULTS
Enrollment, Follow-up, and Population Characteristics
We assessed a total of 182 women for enrollment in our study (Fig. 1) . We excluded 83 women who did not meet inclusion criteria (n=56) or were not interested (n=25). We randomized 49 women to the interventionist-led intervention and 50 women to the self-guided intervention. Overall, we had 76 % follow-up at 3 months and 86 % at 12 months. For the 12-month followup, 62 (74 %) of 84 participating women had an in-person assessment (with study-measured weight), with the remainder of the outcomes assessed by phone. Follow-up was better in the IL group (90 % at 3 months and 96 % at 12 months) than in the SG group (63 % at 3 months and 76 % at 12 months), but otherwise did not differ by other participant characteristics.
For the 49 women in the IL intervention, 17 (35 %) attended nine or more of the sessions (75 % adherence); 30 (61 %) attended at least six of the sessions (50 % adherence).
The baseline characteristics of the HBHH participants are listed in Table 1 . The average age of the group was 53.9 (5.4) years and the average BMI was 34.7 (5.9). The mean SBP was in the normotensive range (118.3 (14.6). Women were relatively sedentary with a median PA level of 2.8 (IQR 0, 12.0) MET-hour/week. Most characteristics did not differ by randomized group, although women in the IL group had a higher BMI (36.1 vs. 33.4; p=0.02) when compared to the SG group.
Medical comorbidities were common in our population, particularly high blood pressure (56 %), arthritis (48 %), and depression (40 %), diabetes (23 %), and sleep apnea (24 %).
Changes in Primary Outcomes at 3 months
At 3 months, women in the interventionist-led intervention reported a median increase in PA of 7.5 MET-hour/ week, which was significantly greater that the 1.9 METhour/week increase in the self-guided group (p=0.02; Table 2 ). Weight loss in both groups was quite modest (mean loss −1.4 kg), and there was no significant difference between changes in the IL and SG groups (−1.7 vs. −1.1; p=0.41; Table 2 ). 
Changes in Primary Outcomes at 12 months
At 12 months, women in the interventionist-led intervention reported a median increase in PA of 4.7 MET-hour/week over baseline, which was no longer significantly greater that the 0.7 increase in the self-guided group (p=0.38; Table 2 ). Modest weight loss in both groups persisted at 12 months (mean loss −1.4 kg), and was nearly identical between the two groups (p=0.98; Table 2 ).
Changes in Secondary Outcomes at 3 and 12 Months
Women in both groups experienced modest decreases in BMI and waist circumference at both 3 and 12 months, but the differences between the groups were not significant at either time point. There were also no significant differences in blood pressure changes between groups ( Table 2) . Waist circumference (cm) −2.5 (3.9) (n=68) 
Results Stratified by Race
We also performed results stratified by race; these were similar to overall study results. There was a greater increase in physical activity in both white and non-white women in the IL group when compared to SG women, with results reaching statistical significance in white women at 3 months (data not shown).
Results of Linear Mixed Effects Model
Primary outcomes: Statistically significant differences in physical activity were detected between IL and SG groups at 3 months (β=−0.91 (se=0.458), 95 % CI (−1.81, −0.004), p=0.048), with the IL group having higher PA activity levels compared to the SG group. No other significant differences were found in PA at 12 months. No statistically significant differences were detected between groups at any time point with respect to the weight variable. 
DISCUSSION
We found women who participated in a high-contact, interventionist-led physical activity and weight loss intervention were able to successfully increase their physical activity levels in the short-term (3 months). The increases in the IL group were comparable to those seen in the Diabetes Prevention Program and roughly equivalent to adding 90 min of walking at moderate pace per week. The increases in the IL group were greater than those in the SG group at 3 months shortly after the conclusion of the intervention; the difference between groups was no longer significant at 12 months. Women in both groups experienced modest decreases in weight, BMI and waist circumference at both 3 and 12 months, but the differences between the groups were not significant at either time point. A recent systematic review and meta-analysis found that promotion of physical activity to sedentary adults recruited in primary care resulted in significant increases in physical activity levels at 12 months. 28 The majority of the 15 included studies had both female and male participants, with the exception of one with only women and one with only men. The women only study included over 1,000 women recruited from 17 primary care clinics in New Zealand and demonstrated increased physical activity and quality of life over two years. 29 One focus of the meta-analysis was to compare interventions primarily conducted in the primary care setting and by the primary care providers with those that were "referral schemes" that sent patients elsewhere (e.g., community centers) to receive an intervention. Only three of the 15 included studies were referral schemes and the authors concluded that these interventions were not superior to other interventions based in primary care settings that might be lower in cost. Our intervention was a hybrid of those discussed in the meta-analysis, as it was conducted in the primary care setting rather than a separate location or facility, but delivered by staff other than the participants' usual providers.
Reviews of weight interventions conducted in primary care settings have concluded that only high-intensity interventions are effective in promoting weight loss. 9 The amount of weight lost by our participants was very modest, and lower than that reported by other primary care weight loss interventions. We believe that is likely due to the fact that while our intervention was high-contact, we focused more on physical activity than on diet behavior. Given that physical activity may be more successful at maintaining than inducing weight loss, 30, 31 it is not surprising that we saw only a very modest and nonsignificant amount of weight loss in our study.
Our study had several strengths. We successfully recruited a racially diverse group of women. The proportion of Black women included in our study exceeded that of any study included in the recent meta-analysis, many of which were conducted in European populations. Our race-stratified analyses showed a similar intervention effect at 3 months, although the result was not statistically significant in non-white women, likely due to the fact that our study was not powered to detect differences by race. Our study also included a novel mindfulness component. In a 2008 JAMA Commentary, Ludwig and Kabat-Zinn discussed the relationship between mindfulness and medicine, suggesting that mindfulness could promote a more participatory medicine through an increase in selfresponsibility for one's life choices, including modifiable lifestyle factors that often create or exacerbate chronic medical conditions. 19 They also noted that mindfulness may influence an individual's motivation for lifestyle changes involving diet, physical activity, smoking cessation, or other behaviors. 19 Several mindfulness studies have demonstrated an increase in exercise or physical activity behaviors as a secondary outcome. 32, 33 Our study had limitations. Our follow-up for women in the self-guided intervention was lower than desired at the 3-month time point, although we did improve at 12 months by adding a financial incentive. We used some data collected by phone at 12 months, which included self-reported weight data that may be biased by under-report. Our intervention was delivered by highly trained interventionists, which may limit its generalizability to other primary care settings, as does the fact that it was conducted in an academic setting in one city. Given that the IL intervention covered many topics and included both discussion and physical activity, it is difficult to know which portion of the IL intervention was most related to behavior change. Lastly, even though we used an intervieweradministered and well-validated physical activity measure, the MAQ is a self-report measure and may be subject to recall bias.
In conclusion, we were able to show a significant increase in short-term physical activity levels in a group of previously sedentary women who are representative of a primary care population. Future efforts should focus on determining the best way to sustain increases in physical activity using resources available in primary care settings.
